Introduction
============

In patients with myelodysplastic syndromes (MDS), isolated deletion of the long arm of chromosome 5 (del(5q)) is generally associated with a favorable prognosis.^[@bib1],\ [@bib2],\ [@bib3],\ [@bib4]^ However, clinical outcomes in this patient population are adversely affected by red blood cell (RBC) transfusion dependence, additional chromosomal abnormalities, higher bone marrow blast percentage and lower platelet count at baseline.^[@bib2],\ [@bib3],\ [@bib5],\ [@bib6]^ In addition, emerging risk factors such as *TP53* gene mutations have been associated with worse overall survival (OS) and progression-free survival.^[@bib7]^

Lenalidomide (Revlimid; Celgene Corporation, Summit, NJ, USA) has received approval in the USA and several other countries for the treatment of transfusion-dependent anemia in patients with International Prognostic Scoring System (IPSS)-defined Low- or Intermediate-1 (Int-1)-risk MDS and del(5q), with or without additional chromosomal abnormalities. Two large multicenter trials (MDS-003 and MDS-004) investigated the efficacy and safety of lenalidomide in these patients.^[@bib8],\ [@bib9]^ In MDS-003, 67% and 73% of patients treated with lenalidomide (10 mg/day on days 1--21 or 1--28 of each 28-day cycle) achieved RBC transfusion independence for ⩾8 weeks and cytogenetic response, respectively. In MDS-004, treatment with lenalidomide (5 mg/day on days 1--28 and 10 mg/day on days 1--21; both 28-day cycles) resulted in RBC transfusion independence for ⩾8 weeks in 51% and 61% of patients, respectively (*P*\<0.001 for both vs placebo), and cytogenetic response in 25% and 50% of patients, respectively (*P*\<0.001 for both vs placebo). Achievement of RBC transfusion independence for ⩾8 weeks was associated with a significantly reduced risk of progression to acute myeloid leukemia (AML) (hazard ratio (HR) 0.58, *P*=0.048) and mortality (HR 0.53, *P*=0.021).^[@bib9]^ However, these lenalidomide studies were either single-arm (MDS-003)^[@bib8]^ or allowed for crossover from placebo to lenalidomide after 16 weeks (MDS-004),^[@bib9]^ thereby precluding long-term assessment of the impact of lenalidomide on AML progression and OS compared with untreated patients.^[@bib9]^ Furthermore, data directly comparing the long-term clinical outcomes of RBC transfusion-dependent lenalidomide-treated patients to untreated patients are limited.

In this study we compared the cumulative incidence of AML progression and OS in RBC transfusion-dependent patients with IPSS-defined Low- or Int-1-risk MDS with del(5q) treated with lenalidomide in the MDS-003 and MDS-004 clinical trials, with similar untreated patients from a large multicenter registry. A further objective was to identify potential risk factors for AML progression and mortality in these patients.

Patients and methods
====================

Patients
--------

All lenalidomide-treated patients from two multicenter clinical trials were assessed for inclusion according to protocol eligibility criteria. MDS-003 was a phase 2, single-arm study in RBC transfusion-dependent patients with Low- or Int-1-risk MDS and del(5q) (clinicaltrials.gov identifier NCT00065156). Patients received lenalidomide 10 mg/day either on days 1--21 or days 1--28 of each 28-day cycle.^[@bib8]^ MDS-004 was a phase 3, randomized, double-blind, placebo-controlled study conducted in a similar patient population (clinicaltrials.gov identifier NCT00179621). Patients received lenalidomide 10 mg/day on days 1--21 or lenalidomide 5 mg/day on days 1--28, both 28-day cycles, or placebo. Patients randomized to placebo or lenalidomide 5 mg/day who did not achieve a minor erythroid response (⩾50% reduction in RBC transfusion requirements) by week 16 of treatment could cross over to lenalidomide 5 mg/day or 10 mg/day, respectively.^[@bib9]^ Transfusion dependence was defined as ⩾2 units/8 weeks in MDS-003 and ⩾1 unit/8 weeks in MDS-004. Additional inclusion and exclusion criteria are described by List *et al.*^[@bib8]^ and Fenaux *et al.*^[@bib9]^

The untreated patient cohort was derived from nine MDS registries in Germany, Austria, Switzerland, France, Czech Republic, Greece, USA and Australia.^[@bib5]^ Some of the untreated patients from the French registry were included in a separate report.^[@bib10]^ Data were collected using a uniform data set and all except five patients were diagnosed in 'MDS Foundation Centers of Excellence\', where karyotype, bone marrow blast count, differential count, blood cell counts, RBC transfusion requirements and the exact MDS subtype based on World Health Organization (WHO) criteria were documented and confirmed. In addition, the exact date of diagnosis as determined by bone marrow assessment and cytogenetic analysis was documented.

For the current retrospective analysis, patients eligible for inclusion had to have IPSS-defined Low- or Int-1-risk MDS with del(5q) with or without additional cytogenetic abnormalities, and to be RBC transfusion-dependent, defined according to the WHO-classification-based Prognostic Scoring System as requiring ⩾1 RBC unit/8 weeks at baseline.^[@bib11]^ Patients were excluded if they had a platelet count of\<50 000/μl or an absolute neutrophil count of\<500 cells/μl, reflecting inclusion criteria for the clinical studies. Patients eligible to be included in the lenalidomide cohort had received at least one dose of lenalidomide. The untreated cohort included all eligible registry patients diagnosed after 1982. These patients had received best supportive care only and were allowed to receive RBC transfusions, iron chelation and erythropoiesis-stimulating agents. Twenty-four patients who had received lenalidomide after inclusion in the registry were censored at the time of first dose.^[@bib5]^

The MDS-003 and MDS-004 studies were performed according to the Declaration of Helsinki and were approved by institutional review boards or independent ethics committees. All patients gave written informed consent. Data collection and evaluation for the multicenter registry were performed after obtaining institutional review board/ethics committee approval at each individual institution.

Outcome measures and statistical analyses
-----------------------------------------

Primary outcome measures were AML progression and OS in the lenalidomide-treated cohort compared with the untreated cohort. AML was defined according to WHO criteria (⩾20% blasts in the blood or bone marrow).^[@bib12]^ All AML cases were confirmed based on local investigator reports and/or death certificate information. Duration of follow-up was measured from the date of first lenalidomide dose received for the lenalidomide cohort and from the date of diagnosis for the untreated cohort. To accurately account for differences in person-time at-risk in these two cohorts due to different starting points for follow-up, left truncation^[@bib13]^ was considered appropriate and adopted for all analyses in this study. As lenalidomide-treated patients could not have progressed to AML or died before enrollment in the clinical studies, they are considered at-risk of these end points only after the date of first lenalidomide dose. Without accounting for this phenomenon through left truncation techniques, estimates of AML progression and OS could have been biased. AML progression was determined using a cumulative-incidence estimator in the presence of the competing risk of mortality and left truncation.^[@bib14],\ [@bib15]^ Patients who neither progressed to AML nor died were censored at last observation date. To date, no statistical test has been developed for the comparison of cumulative incidence when using this estimator with both competing risk and left truncation. Therefore, AML progression was also assessed using a left-truncated Kaplan--Meier estimator without competing risk. OS was assessed using a left-truncated Kaplan--Meier estimator. These Kaplan--Meier curves of lenalidomide-treated and untreated patients were compared using a log-rank test, with statistical significance defined as *P*\<0.05.

Risks of AML progression and mortality were evaluated using Cox proportional hazards models with left truncation. In addition to lenalidomide treatment (yes vs no), adjustment was made for major baseline prognostic factors, which were included as continuous variables (age, RBC transfusion burden, hemoglobin level, platelet count and absolute neutrophil count) or as categorical variables (gender, bone marrow blast percentage and cytogenetic complexity (del(5q) plus 1 abnormality vs isolated; and del(5q) plus \>1 abnormality vs isolated)). In separate Cox proportional hazards models, lenalidomide treatment, IPSS risk and baseline RBC transfusion burden were considered as potential risk factors for AML progression. Lenalidomide treatment, IPSS risk, baseline age, gender and RBC transfusion burden were considered as potential risk factors for mortality. Potentially significant risk factors (*P*\<0.10) were first identified using univariate Cox proportional hazards models. Final multivariate Cox proportional hazards models were determined using a backward-elimination variable-selection procedure with *P*\>0.10 the significance criterion for elimination. As an exception, lenalidomide treatment was forced to remain in the multivariate models to evaluate the magnitude of risk associated with lenalidomide in the presence of the other covariates.

In addition to assessing the proportional hazards assumption for Cox modeling,^[@bib16]^ the robustness of these models was evaluated through several other types of sensitivity analyses. The year of diagnosis was included as an individual covariate in the models. Differences in AML progression and OS were determined for all patients with complete and incomplete covariate information available, and patients who were lost to follow-up were compared with patients not lost to follow-up, with respect to baseline covariates. In addition, models with two different interaction effects were analyzed: the interaction between cohort and transfusion burden; and between cohort and cytogenetic complexity. Lastly, OS was analyzed according to truncation time (\<1 vs ⩾1 year) in lenalidomide-treated patients, and in lenalidomide-treated patients with truncation time \<1 year vs untreated patients.

The analyses were performed with the SAS software version 9.1.3 (SAS Institute, Cary, NC, USA) and the R software version 2.12.2 (<http://www.r-project.org/>). All analyses were performed by independent statisticians (ML and JH) from the Institute for Medical Information Sciences, Biometry and Epidemiology of the Ludwig-Maximilians University of Munich, Germany.

Results
=======

Patient disposition and baseline characteristics
------------------------------------------------

A total of 353 patients from the lenalidomide clinical trial cohort and 459 untreated multicenter registry patients were considered for eligibility. A total of 295 lenalidomide-treated and 125 untreated RBC transfusion-dependent patients met inclusion criteria for the present analysis ([Figure 1](#fig1){ref-type="fig"}). Patient baseline characteristics and demographics are shown in [Table 1](#tbl1){ref-type="table"}. Overall, the lenalidomide-treated and untreated cohorts were well balanced in terms of age, gender, French-American-British classification, IPSS risk, cytogenetic complexity, bone marrow blast percentage, hemoglobin level and platelet and neutrophil counts, with no significant differences between cohorts for these factors. However, RBC transfusion burden was higher in the lenalidomide cohort than in the untreated cohort, with a median of 6 units/8 weeks (range, 1--25) compared with 2 units/8 weeks (range, 1--10), respectively (*P*\<0.001). In addition, there was a lower percentage of patients with WHO-defined isolated del(5q),^[@bib17]^ defined as isolated del(5q) and\<5% bone marrow blasts, in the lenalidomide-treated cohort than in the untreated cohort (54% vs 68%, respectively, *P*\<0.05). Patients were followed for a median observation time of 4.3 years (range, 0.02--6.8 years) from the first dose received in the lenalidomide-treated cohort and 4.6 years (range, 0.06--19.0 years) from diagnosis in the untreated cohort. Median time from diagnosis to study entry was 2.7 years (range, 0.1--29.2 years) for the lenalidomide cohort.

AML progression
---------------

Overall, 87 patients progressed to AML (68 patients in the lenalidomide-treated cohort and 19 patients in the untreated cohort). The 2- and 5-year cumulative AML incidences were 6.9% and 22.8%, respectively, for lenalidomide-treated patients, and 12.1% and 19.9%, respectively, for untreated patients ([Table 2](#tbl2){ref-type="table"}). Median time to AML progression from diagnosis was not reached in either cohort ([Figure 2](#fig2){ref-type="fig"}). In a separate Kaplan--Meier comparison that did not consider mortality as a competing risk, there was no significant difference in the probability of AML progression between lenalidomide-treated and untreated patients (log-rank *P*=0.372).

In the subset of patients with WHO-defined isolated del(5q), the 2- and 5-year cumulative AML incidences were 6.6% and 18.1%, respectively, for lenalidomide-treated patients and 7.4% and 16.9%, respectively, for untreated patients ([Table 2](#tbl2){ref-type="table"}). Median time to AML progression was not reached in lenalidomide-treated or untreated patients with WHO-defined isolated del(5q) and there was no significant difference in the probability of AML progression when Kaplan--Meier curves were compared without consideration of competing risk (log-rank *P=*0.490).

Results of the univariate and multivariate (final) Cox proportional hazards models considering individual baseline covariates as predictors of AML progression in the overall patient cohort are shown in [Tables 3](#tbl3){ref-type="table"} and [4](#tbl4){ref-type="table"}, respectively. The following factors were not associated with an increased risk of AML progression in the final model: lenalidomide-treated vs untreated patients (HR 0.969, *P*=0.930) and del(5q) plus 1 additional abnormality vs isolated del(5q) (HR 1.095, *P*=0.786). Baseline factors that were associated with an increased risk of AML progression in the final model were complex cytogenetics (del(5q) plus \>1 additional abnormality) vs isolated del(5q) (HR 3.555, *P*=0.002), bone marrow blast count 5--10% vs \<5% (HR 2.158, *P*=0.019) and a higher RBC transfusion burden (HR 1.090, *P*=0.041; each 1 unit increase in transfusion burden was associated with a 9% increase in the risk of AML progression). A higher baseline hemoglobin level was associated with a reduced risk of AML progression (HR 0.861, *P*=0.059).

In models considering IPSS risk, higher RBC transfusion burden was also associated with an increased risk of AML progression (HR 1.098, *P*=0.027); IPSS Int-1-risk patients were at an increased risk of AML progression compared with Low-risk patients (HR 1.622, *P*=0.056) ([Supplementary Table S1](#sup1){ref-type="supplementary-material"}). The result for lenalidomide treatment was consistent with that observed in the multivariate model that considered individual covariates (HR 0.924, *P*=0.821).

Overall survival
----------------

Overall, 220 patients died (161 patients in the lenalidomide-treated cohort and 59 patients in the untreated cohort). The 2- and 5-year OS probabilities were 89.9% and 53.7%, respectively, for the lenalidomide-treated cohort and 74.4% and 40.5%, respectively, for the untreated cohort ([Table 2](#tbl2){ref-type="table"}). OS probability for the lenalidomide-treated cohort and the untreated cohort is shown in [Figure 3](#fig3){ref-type="fig"} (log-rank *P*=0.755). Median OS from diagnosis was 5.2 years (95% confidence interval (CI): 4.5--5.9) for lenalidomide-treated patients and 3.8 years (95% CI: 2.9--4.8) for untreated patients.

In the subset of patients with WHO-defined isolated del(5q), 2- and 5-year OS probabilities were 93.5% and 60.2%, respectively, for lenalidomide-treated patients, and 76.1% and 44.4%, respectively, for untreated patients ([Table 2](#tbl2){ref-type="table"}). Median OS was 6.1 years (95% CI: 5.1--6.8) for lenalidomide-treated patients and 4.6 years (95% CI: 3.2--6.1) for untreated patients with WHO-defined isolated del(5q) (log-rank *P*=0.87 for Kaplan--Meier curve (not shown)).

The results of the univariate and multivariate (final) Cox proportional hazards models considering individual baseline covariates as predictors of OS are shown in [Tables 3](#tbl3){ref-type="table"} and [5](#tbl5){ref-type="table"}, respectively. In the final model with left truncation, lenalidomide treatment was associated with a reduced risk of mortality (HR 0.597, *P*=0.012) relative to untreated patients. Baseline factors associated with a decreased risk of mortality in the final model were a higher hemoglobin level (HR 0.883, *P*=0.028), a higher platelet count (HR 0.999, *P*=0.035) and female gender (HR 0.598, *P*=0.002). A higher RBC transfusion burden (HR 1.056, *P*=0.037) and older age (HR 1.049, *P*\<0.001) were associated with an increased risk of mortality.

In a separate Cox proportional hazards model considering IPSS risk, results for lenalidomide treatment, age, gender and RBC transfusion burden were consistent with the findings from the multivariate model that considered individual covariates; however, IPSS risk group had no influence ([Supplementary Table S2](#sup1){ref-type="supplementary-material"}).

Sensitivity analyses
--------------------

No evidence for non-proportionality of the Cox models was obtained when evaluated using the Grambsch and Therneau statistic.^[@bib16]^ In separate multivariate Cox proportional hazards models considering year of MDS diagnosis as a possible prognostic factor, year of diagnosis was not significantly associated with an increased risk of AML progression (HR 1.042, 95% CI: 0.953--1.141, *P*=0.369) or mortality (HR 0.992, 95% CI: 0.947--1.040, *P*=0.750) ([Supplementary Table S3](#sup1){ref-type="supplementary-material"}). In addition, no differences in AML progression or survival were observed between patients with complete (*n*=341) and incomplete covariate information available (*n*=79). There were no differences observed between patients who were lost to follow-up (*n*=21) and other patients (*n*=399) with respect to the distribution of baseline covariates. Furthermore, there was no evidence to indicate an interaction with transfusion burden and cohort for mortality or AML progression ([Supplementary Table S4](#sup1){ref-type="supplementary-material"}). Lenalidomide appeared to have a protective effect against mortality in patients with complex cytogenetics (HR 0.285, 95% CI: 0.075--1.084), although patient numbers with this covariate combination were small (*n*=17). In the untreated cohort, only three patients with complex cytogenetics were observed, all of whom died without progression to AML; therefore, a robust estimation of the effects concerning complex cytogenetics was not possible. In further sensitivity analyses, lenalidomide-treated patients with a truncation time of \<1 year had a higher survival probability compared with those with a truncation time of ⩾1 year (*P*=0.032) or those in the untreated cohort (*P*=0.071) ([Supplementary Figure S1](#sup1){ref-type="supplementary-material"}).

Discussion
==========

This analysis, which compares long-term outcomes of patients from two multicenter trials of lenalidomide with similar patients identified in a large multicenter registry who received best supportive care with or without erythropoietin, provides evidence that treatment with lenalidomide is not associated with an increased risk of AML progression.

Our results are consistent with findings from the MDS-004 study, the only phase 3 randomized, placebo-controlled study of lenalidomide in lower-risk MDS patients with del(5q) conducted to date, which showed that achievement of RBC transfusion independence for ⩾8 weeks with lenalidomide treatment was associated with a significantly reduced risk of AML progression and mortality.^[@bib9]^ However, the early crossover design prevented long-term assessment of the impact of lenalidomide treatment on AML progression and OS compared with untreated patients. In addition, despite similar data from MDS-003 indicating that erythroid and cytogenetic responses to lenalidomide are potentially associated with a reduced risk of progression to AML,^[@bib18]^ the question of whether lenalidomide treatment confers an increased risk of progression to AML was raised by European regulatory authorities as a result of the seemingly high rate of AML progression observed in the MDS-003 study. However, data from the MDS-003 study should not be compared with patients with MDS and isolated del(5q) defined according to WHO criteria, which are limited to isolated del(5q) and normal bone marrow blast count.^[@bib17]^ Inclusion criteria for the clinical trials were IPSS-defined Low- or Int-1-risk MDS, allowing patients with refractory anemia with excess blasts I (RAEB I) as well as those with additional cytogenetic abnormalities to be included. Furthermore, in a mixed cohort of patients with del(5q), only a proportion of patients will be RBC transfusion-dependent, whereas in the study cohorts all patients were transfusion-dependent and many had a high transfusion burden (median 6 units/8 weeks). These prognostic factors are crucial to compare outcome measures.

Patients with del(5q) are commonly believed to be the MDS subgroup with the most favorable prognosis. Nevertheless, progression to AML and OS are highly dependent on additional individual risk factors. In our previous retrospective study of the multicenter registry, outcomes and prognostic variables were evaluated in 381 untreated patients with del(5q).^[@bib5]^ It was shown that a high bone marrow blast percentage, complex cytogenetics and platelet count negatively affected the clinical outcomes. Importantly, RBC transfusion dependence was the most powerful covariate for OS and AML progression. These findings confirmed the importance of RBC transfusion dependence as a predictor of clinical outcomes in MDS patients with or without del(5q), as reported in previous studies.^[@bib5],\ [@bib11],\ [@bib19]^ In the current analysis, which builds on our previous work, RBC transfusion burden emerged as a significant risk factor for AML progression and mortality, although the study was already limited to RBC transfusion-dependent patients.

Adès *et al.*^[@bib10]^ performed a recent retrospective analysis comparing lenalidomide-treated patients with a matched historical cohort of untreated patients with lower-risk MDS and del(5q). A total of 95 lenalidomide-treated patients with a median follow-up duration of 2 years were compared with 99 historical controls; only 35% of patients in the non-lenalidomide-treated cohort were transfusion-independent. This analysis also found that lenalidomide therapy did not increase the risk of AML progression. No significant difference in survival from diagnosis was reported between the lenalidomide-treated cohort and the control cohort.

In the present analysis of lenalidomide-treated vs untreated RBC transfusion-dependent patients with Low- or Int-1-risk MDS and del(5q), lenalidomide treatment was not associated with a greater risk of AML progression as assessed by Cox proportional hazards models with left truncation. In the univariate analysis, no significant impact of lenalidomide on OS was detected. However, in the multivariate model, which adjusts for additional prognostic factors, we found a significant reduction in mortality. These results require confirmation by independent data, ideally in a randomized trial.

This study represents the largest comparative analysis of outcomes in patients treated with and without lenalidomide, and is the first study to focus on outcomes in RBC transfusion-dependent patients. The duration of follow-up was relatively long: up to 6.8 years from the start of therapy in the lenalidomide-treated cohort (median 4.3 years) and up to 19.0 years from diagnosis in the untreated group (median 4.6 years). Both cohorts were well balanced in terms of baseline characteristics, as the inclusion criteria from the two prospective studies were applied to untreated patients from the registry. The only relevant differences between the two cohorts were transfusion burden, which was higher in lenalidomide-treated patients, and the number of patients with WHO-defined isolated del(5q) syndrome, which was higher in untreated patients. Both factors suggest a greater baseline risk for both AML progression and mortality in the lenalidomide-treated patients. Additional risk factors identified in the combined data set were consistent with previous reports, suggesting a representative group of del(5q) patients in both cohorts.^[@bib2],\ [@bib3],\ [@bib5],\ [@bib6]^

Limitations of the current study include its retrospective nature and the fact that the lenalidomide-treated cohort was drawn from two separate clinical trials, and compared with a registry cohort of patients established at initial diagnosis. A prospective, randomized, parallel-group trial would be required to confirm these findings. To limit potential bias caused by the different starting points of follow-up in the lenalidomide-treated and untreated cohorts, left truncation was applied for all analyses. This procedure corrects for the different times of entry into the risk set for the two cohorts because all lenalidomide-treated patients experienced an interval between the date of diagnosis and start of treatment (median 2.7 years), whereas registry patients were all followed from the date of diagnosis. The left truncation model adds patients from lenalidomide studies to the respective curve at the point in time when they started lenalidomide therapy. For example, a patient who started lenalidomide therapy 3 years after diagnosis would be added to the curve at the time point of 36 months. During the time before treatment start, the patient has to be removed from the risk set because a patient cannot be at-risk of AML progression or mortality during this interval. However, a patient who was treated with lenalidomide shortly after being diagnosed will be added to the curve immediately and can therefore be compared with a registry patient who was followed from the beginning. Although this is a potential source of bias, its effect can be considered negligible under the reasonable assumption that the patients entering the MDS-003 and MDS-004 clinical studies were representative of untreated patients with MDS with similar survival.^[@bib20],\ [@bib21],\ [@bib22]^ This method has been applied previously in comparable retrospective analyses including a study comparing erythropoietin-treated and untreated MDS patients by Jädersten *et al.*^[@bib23]^ and the analysis of the effects of lenalidomide treatment by Adès *et al.*^[@bib10]^

Another potential source of bias is the difference in bone marrow assessment schedules in the two cohorts: lenalidomide-treated patients were examined regularly during the clinical trials whereas untreated patients were assessed according to local practice. The number of patients who progressed to AML may, therefore, be underestimated in the untreated cohort, or the date of initial AML diagnosis may have been delayed, which would potentially lower the hazard in untreated patients who were less intensely monitored.

The effects of lenalidomide on the del(5q) clone appear to be dose-dependent based on recent observations that the total dose of lenalidomide received during the first month of therapy is linked to an incremental probability of cytogenetic response.^[@bib24]^ Given the different doses and schedules evaluated in the MDS-003 and MDS-004 trials, the inclusion of patients receiving less intense dosing schedules might influence AML progression and OS.

Information on other molecular or genetic abnormalities, such as inactivation of p53, was not available for analysis. The presence of *TP53* gene mutations is an independent prognostic factor in lower-risk MDS patients, particularly those with del(5q).^[@bib7],\ [@bib25]^ Inactivation of *TP53* represents an important step in the clonal evolution of del(5q) MDS clones, promoting genetic instability and the acquisition of secondary cytogenetic abnormalities, and may also be a marker of lenalidomide resistance.^[@bib26]^ Therefore, further study of the impact of *TP53* gene mutations in lenalidomide-treated patients is warranted.

Sensitivity analyses provided further support for the findings of the primary analysis. For example, no interaction with transfusion burden and cohort for mortality or AML progression was observed, and lenalidomide appeared to have a protective effect against mortality in patients with complex cytogenetics, although patient numbers with this covariate combination were small (*n*=17). A further sensitivity analysis compared lenalidomide-treated patients with a brief disease history and thus a short (\<1 year) truncation time to untreated patients, which allowed for a closer approximation to a randomized study of newly diagnosed patients. In addition, OS was assessed in lenalidomide-treated patients who started treatment shortly after diagnosis (\<1 year) and those who started treatment later (⩾1 year). Results suggest that the survival benefit might be greatest in patients who received lenalidomide early in the course of their disease, potentially due to a smaller number of subclones in such patients, but a randomized study is needed to corroborate this finding.

In conclusion, the results of this large retrospective analysis show that lenalidomide does not increase the risk of AML progression and possibly prolongs survival in RBC transfusion-dependent patients with Low- or Int-1-risk MDS and del(5q).
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![Patient disposition of the lenalidomide-treated cohort (MDS-003 and MDS-004 trials) and the untreated cohort (multicenter registry). Abbreviations: ANC, absolute neutrophil count; CMML, chronic myelomonocytic leukemia; Int, Intermediate; IPSS, International Prognostic Scoring System; RBC, red blood cell. \*Defined as\>12 000 leukocytes/μl. ^†^24 patients were censored at the date of first receiving lenalidomide treatment.](leu2012369f1){#fig1}

![Cumulative incidence of acute myeloid leukemia (AML) progression in lenalidomide-treated vs untreated patients. Analysis performed with mortality as the competing risk and with left truncation.](leu2012369f2){#fig2}

![Probability of overall survival in lenalidomide-treated vs untreated patients. Analysis with Kaplan--Meier methodology and left truncation.](leu2012369f3){#fig3}

###### Patient baseline characteristics and demographics

  *Characteristic*                                                                 *Lenalidomide-treated (*n*=295)*       *Untreated (*n*=125)*
  -------------------------------------------------------------------------------- -------------------------------------- --------------------------------------
  *Year of diagnosis, range*                                                       1977--2007                             1983--2009
   Before 1990, *n* (%)                                                            5 (1.7)                                10 (8.0)
   1990--1999, *n* (%)                                                             55 (18.6)                              39 (31.2)
   2000--2009, *n* (%)                                                             235 (79.7)                             76 (60.8)
  Median time from diagnosis to study entry (range), years                         2.7 (0.1--29.2)                        0
  Median age (range), years                                                        65 (32--94)                            66 (30--91)
  Male, *n* (%)                                                                    87 (29.5)                              40 (32.0)
                                                                                                                           
  *French-American-British classification,* n *(%)*                                                                       
   Refractory anemia                                                               216 (73.2)                             96 (76.8)
   Refractory anemia with ringed sideroblasts                                      21 (7.1)                               10 (8.0)
   Refractory anemia with excess blasts                                            54 (18.3)                              19 (15.2)
   Other or missing                                                                4 (1.4)                                0
  Bone marrow blast count 5--10%, *n* (%)                                          31 (10.5)[a](#t1-fn2){ref-type="fn"}   20 (16.0)
                                                                                                                           
  *Cytogenetics,* n *(%)*                                                                                                 
   Isolated del(5q)                                                                224 (75.9)                             104 (83.2)
   del(5q) plus 1 additional abnormality                                           53 (18.0)                              16 (12.8)
   del(5q) plus \>1 additional abnormality                                         16 (5.4)                               5 (4.0)
   Missing                                                                         2 (0.7)                                0
  Patients with WHO-defined isolated del(5q), *n* (%)[b](#t1-fn3){ref-type="fn"}   160 (54.2)                             85 (68.0)[c](#t1-fn4){ref-type="fn"}
                                                                                                                           
  *IPSS risk,* n *(%)*[d](#t1-fn5){ref-type="fn"}                                                                         
   Low                                                                             104 (35.3)                             50 (40.0)
   Intermediate-1                                                                  139 (47.1)                             66 (52.8)
   Missing data                                                                    52 (17.6)                              9 (7.2)
  Median RBC transfusion burden (range), units/8 weeks                             6 (1--25)                              2 (1--10)[e](#t1-fn6){ref-type="fn"}
  Median hemoglobin level (range), g/dl                                            8.3 (4.3--12.7)                        8.1 (3.0--12.3)
  Median platelet count (range), × 10^9^/l                                         245 (51--1 275)                        261 (55--1 540)
  Median neutrophil count (range), × 10^6^/l                                       2170 (590--20 980)                     2390 (510--28 782)

Abbreviations: IPSS, International Prognostic Scoring System; RBC, red blood cell; WHO, World Health Organization.

Data not available for 50 patients.

Defined as patients who had isolated del(5q) and \<5% bone marrow blasts.

*P*\<0.05 vs lenalidomide-treated patients.

Information on whether patients had IPSS Low- or Intermediate-1-risk disease was available for 243 lenalidomide-treated and 116 untreated patients. The remaining patients had either Low- or Intermediate-1-risk disease, but exact IPSS scores were not clearly definable due to missing data.

Data not available for 20 patients (French registry); *P*\<0.001 vs lenalidomide-treated patients.

###### The 2- and 5-year cumulative AML incidences with mortality as the competing risk and with left truncation, and the 2- and 5-year OS probabilities with left truncation

  *Cumulative AML incidences, % (95% CI)*                                   *Lenalidomide-treated*   *Untreated*
  ------------------------------------------------------------------------- ------------------------ -------------------
  *Overall population*                                                      (***n*****=295)**        (***n*****=125)**
   Two-year                                                                 6.9 (3.3--13.9)          12.1 (7.0--20.3)
   Five-year                                                                22.8 (17.1--30.3)        19.9 (12.9--30.0)
  *Patients with WHO-defined isolated del(5q)*[a](#t2-fn2){ref-type="fn"}   (***n*****=160)**        (***n*****=85)**
   Two-year                                                                 6.6 (2.5--16.7)          7.4 (3.1--16.9)
   Five-year                                                                18.1 (11.3--28.1)        16.9 (9.4--29.4)
  *OS probabilities, % (95% CI)*                                            *Lenalidomide-treated*   *Untreated*
  *Overall population*                                                      (***n*****=295)**        (***n*****=125)**
   Two-year                                                                 89.9 (84.1--96.0)        74.4 (66.1--83.7)
   Five-year                                                                53.7 (46.6--61.9)        40.5 (30.9--53.1)
  *Patients with WHO-defined isolated del(5q)*[a](#t2-fn2){ref-type="fn"}   (***n*****=160)**        (***n*****=85)**
   Two-year                                                                 93.5 (87.5--99.9)        76.1 (66.4--87.1)
   Five-year                                                                60.2 (51.1--71.0)        44.4 (32.8--60.3)

Abbreviations: AML, acute myeloid leukemia; CI, confidence interval; OS, overall survival; WHO, World Health Organization.

Defined as patients who had isolated del(5q) and \<5% bone marrow blasts.

###### Univariate Cox proportional hazards models with left truncation assessing the impact of lenalidomide treatment and baseline covariates on AML progression and mortality

  *Variable*                                                         *AML progression*       *Mortality*                         
  ------------------------------------------------------------------ ---------------------- ------------- ---------------------- ----------
  Lenalidomide-treated vs untreated cohort                           1.306 (0.727--2.346)       0.372     0.949 (0.686--1.313)   0.753
  Age, years                                                         0.993 (0.975--1.011)       0.418     1.040 (1.027--1.053)   \<0.001
  Gender (female vs male)                                            0.700 (0.447--1.095)       0.118     0.534 (0.405--0.703)   \<0.001
  Cytogenetic complexity (del(5q) plus\>1 abnormality vs isolated)   4.626 (2.354--9.090)      \<0.001    2.358 (1.409--3.946)   0.001
  Cytogenetic complexity (del(5q) plus 1 abnormality vs isolated)    1.336 (0.767--2.327)       0.306     0.993 (0.689--1.431)   0.972
  Bone marrow blast count (5--10% vs\<5%)                            1.626 (0.871--3.030)       0.127     1.332 (0.883--2.008)   0.173
  RBC transfusion burden, units/8 weeks                              1.106 (1.032--1.186)       0.005     1.093 (1.050--1.139)   \< 0.001
  Hemoglobin level, g/dl                                             0.891 (0.773--1.026)       0.109     0.895 (0.818--0.980)   0.016
  Anemia                                                             1.466 (0.734--2.924)       0.279     1.695 (1.058--2.717)   0.028
  Platelet count, × 10^9^/l                                          0.999 (0.998--1.001)       0.344     0.999 (0.998--1.000)   0.004
  Thrombocytopenia                                                   1.011 (0.464--2.203)       0.979     2.006 (1.377--2.924)   \<0.001
  Neutrophil count, × 10^6^/l                                        1.000 (1.000--1.000)       0.350     1.000 (1.000--1.000)   0.163
  Neutropenia                                                        0.837 (0.533--1.314)       0.441     0.932 (0.705--1.233)   0.621
  IPSS risk (Int-1 vs Low)                                           1.586 (0.967--2.601)       0.068     1.069 (0.797--1.433)   0.657

Abbreviations: AML, acute myeloid leukemia; CI, confidence interval; HR, hazard ratio; Int, Intermediate; IPSS, International Prognostic Scoring System; RBC, red blood cell.

###### Multivariate (final) Cox proportional hazards model with left truncation assessing the impact of lenalidomide treatment and baseline factors on AML progression[a](#t4-fn1){ref-type="fn"}

  *Variable*                                                          *AML progression*      
  ------------------------------------------------------------------- ---------------------- -------
  Lenalidomide-treated vs untreated cohort                            0.969 (0.483--1.945)   0.930
  Cytogenetic complexity (del(5q) plus \>1 abnormality vs isolated)   3.555 (1.576--8.022)   0.002
  Cytogenetic complexity (del(5q) plus 1 abnormality vs isolated)     1.095 (0.567--2.114)   0.786
  Bone marrow blast count (5--10% vs \<5%)                            2.158 (1.133--4.098)   0.019
  RBC transfusion burden, units/8 weeks                               1.090 (1.003--1.185)   0.041
  Hemoglobin level, g/dl                                              0.861 (0.736--1.006)   0.059

Lenalidomide treatment, although not significant in the univariate models, was forced to remain in the final models to estimate the magnitude of risk associated with lenalidomide in the presence of other risk factors. Complete covariate data were available for 243 of the lenalidomide-treated patients and 98 of the untreated patients.

###### Multivariate (final) Cox proportional hazards model with left truncation assessing the impact of lenalidomide treatment and baseline factors on OS[a](#t5-fn1){ref-type="fn"}

  *Variable*                                 *Mortality*            
  ------------------------------------------ ---------------------- ---------
  Lenalidomide-treated vs untreated cohort   0.597 (0.399--0.894)   0.012
  Age, years                                 1.049 (1.034--1.065)   \<0.001
  Gender (female vs male)                    0.598 (0.434--0.824)   0.002
  RBC transfusion burden, units/8 weeks      1.056 (1.003--1.111)   0.037
  Hemoglobin level, g/dl                     0.883 (0.790--0.987)   0.028
  Platelet count, × 10^9^/l                  0.999 (0.998--1.000)   0.035

Lenalidomide treatment, although not significant in the univariate models, was forced to remain in the final models to estimate the magnitude of risk associated with lenalidomide in the presence of other risk factors. Complete covariate data were available for 243 of the lenalidomide-treated patients and 98 of the untreated patients.

[^1]: A complete listing of the members of the International Working Group on MDS with del(5q) appears in the supplemental Appendix.
